Little information exists about the intensity of contraction required from knee and hip musculature during common therapeutic exercises used for patient populations. This study, therefore, was designed to compare electromyographic data obtained from the vastus medialis, rectus femoris, gluteus medius, and biceps femoris muscles during maximally resisted straight-leg-raising (SLR) exercises with EMG data obtained from the same muscles during quadriceps femoris muscle setting (QS) exercises in healthy subjects and in patients with knee pathologies. Of the 30 participants in the study, 16 had a history of knee injury or surgery. All participants performed randomly ordered trials of the SLR and QS exercises while the EMG data were recorded from surface electrodes and normalized to values derived from maximal effort isometric contraction trials. An analysis of variance demonstrated significantly greater activity (p < .05) of the vastus medialis, biceps femoris, and gluteus medius muscles during QS exercises than during SLR exercises. The rectus femoris muscle was significantly more active (p < .05) during SLR exercises than during QS exercises. The study demonstrated remarkably different degrees of muscle activation between the SLR and QS exercises, indicating that the exercise selected will affect the therapeutic intention. Key Words: Biomechanics, Eiectromyography, Physical therapy.
In many treatment situations for knee injuries and pathologies, physical therapists use either straight-leg-raising (SLR) or quadriceps femoris muscle setting (QS) exercises, or both, for the purpose of improving a patient's ability to generate quadriceps femoris muscle tension. Little, however, is known about the effects of these two exercises on the intensity of muscular contraction required. Early work by Pocock led to the remark that relatively large amounts of electromyographic data were recorded from the quadriceps femoris muscles during the QS exercises, presumably because the muscle then was at its shortest length. 1 In a 1966 study, Allington et al evaluated EMG recordings from 25 subjects who had completed a series of exercises. 2 Maximal, manually resisted isometric contractions of the quadriceps femoris muscle were performed while the thigh was supported posteriorly. The position of the body was not specified. This type of contraction produced the highest EMG voltages in 67 of 75 tests. Voltages were greatest during the QS exercises in only 8 of 75 trials.
Gough and Ladley followed with a study of EMG recordings from the rectus femoris, vastus lateralis, and vastus medialis muscles during SLR and isometric contractions. 3 Their data revealed that quadriceps femoris muscle activity was greater during isometric contraction in 25 subjects, as opposed to only 6 subjects for the SLR contraction. No details were provided as to how electrical activity from specific muscles related to these exercises.
More recently, Skurja et al reported on 20 subjects who completed both the SLR and QS exercises. 4 Measurements included EMG data from the rectus femoris and the vastus medialis oblique muscles. Results showed that greater myoelectric activity was produced in the vasti muscles during isolated isometric knee extension than during the SLR exercises. The opposite was true for the EMG data obtained from the rectus femoris muscle. These findings were confirmed further in an extensive study by Soderberg and Cook in a sample of 40 healthy subjects. 5 In their work, highly significant (p < .0001) differences existed in the EMG data between the SLR and QS exercises. Of the vastus medialis, biceps femoris, gluteus medius, and rectus femoris muscles, only the rectus fe-moris muscle was more active during the SLR exercises.
Few studies have included a patient population, and none have specifically evaluated a patient's response to the exercises investigated in this study. Stratford established, however, that patients with effused knees diminished myoelectric activity at 0 degrees when compared with the 30-degree flexed position. 6 A year later, Krebs and associates evaluated 30 healthy and 18 postarthrotomy patients during SLR and QS exercises and found highly significant interaction of position (exercises) and limb condition (operated vs nonoperated). 7 Although SLR and QS exercises have been used in other studies, they have been used in considerations associated with the effect of the exercise on patellar pain or patellar pain syndromes. [8] [9] [10] Other studies, among them that of Lieb and Perry, 11 have attempted to determine the specific role of the vastus medialis muscle in terminal knee extension. For a list of references and a discussion of this issue, the reader is referred to the 1981 work by DuarteCintra and Furlani. 12 Frequent clinical use of QS and SLR exercises requires that physical therapists be knowledgeable about their effects. Previous work on healthy subjects has led us to hypothesize that patients would have greater rectus femoris muscle activity during the SLR exercises than during QS exercises. The converse should be true for the vastus medialis, gluteus medius, and biceps femoris muscles. Thus, the purpose of this study was to compare EMG data obtained from the vastus medialis, rectus femoris, gluteus medius, and biceps femoris muscles during maximally resisted SLR exercises with EMG data obtained from the same muscles during QS exercises in healthy subjects and in patients with knee pathologies.
METHOD

Subjects
Thirty individuals participated in this study. Fourteen were healthy subjects free from pathology, and 16 were patients (8 men, 8 women) who had a history of knee injury or surgery. All signed informed consent forms for the protocol that had been approved by The University of Iowa Committee on Human Subjects. Descriptive information on the two groups is shown in Table 1 . All of the patients, whose status is shown in Table 2 , had received or were receiv- ing physical therapy at The University of Iowa Hospitals and Clinics or in the sports physical therapy facility in the athletic department at the time of testing. The mean length of time after injury or surgery was six weeks. All patients could generate sufficient quadriceps femoris muscle tension to maintain knee extension during the SLR exercises. The right knees of 10 healthy subjects and 9 patients were tested; the left knees of 4 healthy subjects and 7 patients were tested.
Preparation
To record the myoelectric activity, the skin of the tested knee was wiped with alcohol-soaked gauze. An electrode assembly* then was attached using double-sided foam adhesive tape. Each assembly, containing circuitry for preamplification with a gain of 35, measured 33 × 17 × 10 mm. Each assembly held two silver-silver chloride electrodes, which were 8 mm in diameter with a 20-mm distance between centers. Conductive gel filled the holes in the tape over the electrode sites. The electrode for the rectus femoris muscle was placed one half of the distance from the anterior superior iliac spine to the superior pole of the patella. The electrode for the biceps femoris muscle was located one third of the distance from the ischial tuberosity to the middle of the lateral joint line of the knee. For the gluteus medius muscle, the electrode was located one third of the distance along a line from the midpoint of the iliac crest to the greater trochanter. The electrode for the vastus medialis muscle was applied over the muscle belly found by visually inspecting the thigh while the subject exerted a strong isometric contraction of the quadriceps femoris muscle. In all instances, the electrode assembly was aligned with the direction of the muscle fibers. A common ground electrode was positioned over the right fibular head, and all electrode leads were plugged into main amplifiers.
RESEARCH Instrumentation
The combined preamplifier and main amplifier system permitted a gain of 100 to 10,000 with a bandwidth of 7 Hz to 6 kHz. After amplification, the EMG signals were full-wave rectified and lowpass filtered (with a cut-off frequency of 8 Hz) to produce a linear envelope. The EMG signals then were cabled to either an Apple IIe computer, † through a Cyborg Biolab System, ‡ or to an IBM PC computer.® The change in the computer was due to an upgrade in data management capability after nine subjects had been tested. Software for operation of the two computers allowed for use of the same sampling rates and data manipulation, certifying consistency during all data collection. All EMG data were sampled at a rate of no less than 100 samples per second. Although the EMG preamplifier system minimizes artifact, at least two channels of raw EMG were evaluated continuously for offsets and artifacts on a standard oscilloscope. All four channels were evaluated periodically for each subject, and at no time did extraneous signals occur.
Protocol
The EMG data were recorded simultaneously from the four muscles during maximal, manually resisted SLR and QS exercises while the participant assumed a semi-Fowler's position on a standard plinth. Because measurement reliability of .72 to .85 had been established with Pearson product-moment correlation coefficients in an earlier study, the same protocol was adopted for this study. 5 Because the EMG data were to be normalized, each participant's maximally evoked EMG recording for each of the specified muscles was selected from three trials of maximal effort isometric contraction completed in knee extension, knee flexion, and hip abduction with the knee extended. For this purpose, maximal voluntary contractions of the vastus medialis, rectus femoris, and biceps femoris muscles were completed at a clinically determined angle of 45 degrees of knee flexion. 5 Maximal EMG responses from the gluteus medius muscle were recorded at an angle of 30 degrees of hip abduction with the knee in extension. Verbal commands of "ready," "set," and "push" or "pull" were given to the participants. For maximal isometric contractions and exercise trials, the EMG data were sampled for a total of three seconds. The participants were instructed to relax while the data were being stored on a computer disk.
In performing the QS exercises, subjects were instructed to press the back of their knee as hard as possible into a small towel that had been placed under the knee. For the SLR exercises, the leg first was elevated above the plinth on the command "set." Manual resistance to active contraction then was applied just proximal and distal to the knee on "push." Three trials of each exercise were completed in a predetermined randomized order with rest periods of about 30 seconds to allow data storage.
Design and Data Analysis
The experimental research design was considered to be a two-factor mixed design based on independent groups (ie, healthy subjects vs patients) and repeated measures according to type of exercise (ie, SLR vs QS). The EMG values from each muscle during the maximal effort extractions and values for each muscle in the three trials for each of the two exercises were used in the data analysis. The percentage of maximal EMG response was calculated for all trials, producing a data set in which all values for each participant were normalized to that participant. The descriptive statistics, including means and standard errors, were computed with a standard statistical package. A linear analysis of variance (ANOVA) was used to test for interaction and to compare data across groups and also across exercises for each of the muscle groups.
RESULTS
Descriptive data, including means and standard errors, are shown in Figures 1 and 2 . The ANOVAs completed for each muscle are shown in Tables 3  through 6 . Nonsignificant interactions and nonsignificant diagnosis main effects resulted for all four muscles evaluated. Significant exercise main effects are shown in each table. Figure 3 graphically represents the differences when the healthy subjects and patients are combined into one group.
DISCUSSION
The means and standard errors for the respective muscle groups and exercises shown in Figures 1 and 2 graphically depict the differences in muscle activity found in this study. No statistical tests for differences between muscles could be completed because of limitations inherent in across muscle and channel comparisons of EMG data. No between-group (diagnosis) differences were demonstrated. The exercises, of primary interest in this study, produced obvious differences. The rectus femoris and vastus medialis muscles displayed opposite patterns of activity, with the vastus medialis, gluteus medius, and biceps femoris muscles demonstrating much greater activity during the QS exercises than during the SLR exercises (Fig. 3) .
Current data and data from the previous study of Soderberg and Cook, although showing some difference in the mean values, agree well (Fig. 4) . 5 Some variance among groups of participants was anticipated, even with the testing of essentially equal proportions of right and left legs. Other factors such as the application of resistive loads by different investigators also may have been responsible. Review of the data shows that the quadriceps femoris muscles produced lower percentages of maximal EMG values in this study, whereas the other two muscles studied showed increased levels of activity (Fig. 4) . In general, no systematic trend was apparent. Further review of data across trials indicated no orderly patterns associated with the trial in which participants reached the maximal EMG value.
The magnitude of the mean values demonstrated clear differences in the muscles used and the level of activity produced in the different contractions (Fig. 3) . The hypothesis, therefore, that EMG data obtained from SLR and QS exercises would be similar in healthy subjects and in patients with knee pathologies is accepted. We could not compare our data to other studies because no similar calculations or comparisons of exercises have been reported. Even Skurja et al, who reported similar results for the vastus medialis and rectus femoris muscles, did not provide any numerical data. 4 The results of this study agree with Pocock's findings of relatively large levels of EMG activity recorded during QS exercises. 1 Although recognizing that a shorter muscle length would explain greater EMG activity, we believe that our results could not have been influenced significantly because the participants were asked only to clear their heel from the supporting surface during the SLR exercises. Although we recognize that the precise relationship of EMG activity to tension still is debated, EMG analysis is considered to be an appropriate measure for assessing the relative intensity of muscle activity produced during exercises of interest to the physical therapist. Our results also are consistent with the work of Gough and Ladley in that their "static" exercise consistently produced greater EMG activity than the SLR exercises. 3 Their results should be considered with caution, however, because they allowed subjects to complete the last few degrees of knee extension with a 3-in || block behind the knee.
In response to our previous work with healthy subjects, some clinicians suggested that the results could be affected by preceding the SLR exercises with the QS exercises. To address this issue, with particular interest in how the vastus medialis and rectus femoris muscles would respond, we requested 11 of the healthy subjects and 10 of the patients with knee pathologies to complete an additional series of exercises. Each participant completed three more contractions, specifically performing the QS exercises before the SLR exercises. We termed the first phase of this exercise (ie, performance of QS exercises) the combined before (COB) phase, and the second phase (ie, performance of SLR exercises) was termed the combined after (COA) phase.
Because the design for this segment of the study was similar to that of the main study, this data set was analyzed using an ANOVA. Results showed that this smaller test subgroup demonstrated between-exercise differences consistent with the results for the total groups of subjects. The ANOVA results revealed that the rectus femoris and vastus medialis muscles produced a significant interaction effect that precluded formal comparisons for main effects. Informal review of the data, however, showed that for both the rectus femoris and vastus medialis muscles the EMG activity was markedly increased when the COB phase was compared with either the QS exercises or the SLR exercises. For the rectus femoris muscle, the mean value for the COB phase was 125% of the maximal EMG values. The vastus medialis muscle increased to 161% of the Percentage of maximal EMG activity for the biceps femoris and gluteus medius muscles for each type of exercise (QS = quadriceps femoris muscle setting, SLR = straightleg-raising) by group (H = healthy subjects, P = patients with knee pathologies). SE is the standard error, pooled across exercise within groups. Figure 3 , this difference is dramatic, particularly because the only difference between the QS exercises and the COB phase was that the subjects' hands were placed on the anterior aspect of the leg so that resistance could be offered for the SLR component of the exercise that would produce the data for the COA phase. An explanation can be offered by the data of Haberichter et al who, studying the effects of sustained muscle pressure on the H-reflex, found that slight pressure to a muscle weakly facilitated its motoneuron excitability. 13 This possibility of facilitatory effects of muscle pressure on these exercises is certainly of interest and potentially of great clinical import. No other explanations are readily apparent. Evaluation of the COA means 227% and 143% of maximal EMG values for the rectus femoris and vastus medialis muscles, respectively, compared with COB means of 125% and 161% of maximal EMG values show the expected direction in that the EMG activity of the rectus femoris muscle increased during the SLR phase, whereas the vastus medialis muscle decreased in EMG activity.
The ANOVA, including the combined exercises of COB and COA for the biceps femoris and gluteus medius muscles, produced nonsignificant interactions, thus allowing post hoc comparisons. Of the eight possible comparisons of the SLR and QS exercises to the COB and COA exercises, only the QS-COA comparison produced a nonsignificant correlation coefficient. Review of the mean values showed that for both muscles the EMG activity increased from between 17% and 55% (Fig. 3 ) to 72% and 111 % of the maximal values. This increased activity is probably of clinical significance, assuming that one of the objectives of using the QS exercises before the SLR exercises is to facilitate the contraction of the biceps femoris and gluteus medialis muscles. Although we found a demonstrable effect of this technique on the activity produced in these muscles, we can offer no specific explanation as to the causative factors.
Comment on the effects of knee effusion and surgery is necessary because both have been shown to be factors in the amount of EMG activity produced in postsurgical conditions. The importance of these factors was demonstrated in a recent study by Stratford in which severely effused knees produced a deVolume 67 / Number 11, November 1987 crease in EMG activity at 0 degrees of knee flexion when compared with 30 degrees of knee flexion. 6 That none of the patients in our study had an acute or markedly effused knee makes any potential effect of these factors on our results unlikely. Clinicians should be aware of these factors and probably should heed the advice of Stratford who states that in these cases maximal isometric contractions of the quadriceps femoris muscle should be completed at 30 degrees of knee flexion. 6 In another recent report, Krebs et al provide a review of the literature and new data to support the hypothesis that limbs that have undergone surgical procedures are likely to demonstrate loss in ability to recruit motor units, thus affecting the EMG response. 7 Their work demonstrated that the motor unit activity to joint angle relationship is normal preoperatively, and diminishes postoperatively, before returning to normal three weeks or more after surgery. Again, because none of our patients were tested immediately after surgery, the results of this study probably were not influenced. Clinicians, however, should note the recommendation of Krebs et al that the postarthrotomy quadriceps femoris muscles should be exercised with the knee slightly flexed to 
CONCLUSION
This study clearly shows that the SLR and QS exercises, as commonly used by clinicians, have different effects on the level of muscular activity derived from the rectus femoris, vastus medialis, gluteus medius, and biceps femoris muscles. The results show that exercise selection will influence the degree of muscular activity and assumably the intensity of the contraction required for the specified therapeutic purpose.
